OBJECTIVE: To examine the relationship between habitual fat intake and basal fat oxidation in obese and non-obese Caucasian men and women. METHODS: Habitual fat intake was assessed by 7-day weighed dietary records and resting fat oxidation was determined after an overnight fast in 132 weight stable non-diabetic subjects (38 males, 94 females). All subjects were characterized for weight, height, waist-to-hip ratio, physical activity, plasma glucose and insulin response to an oral glucose load, plasma catecholamine and leptin levels. Under-reporters, defined according to plausibility of the relationship between energy expenditure and energy intake, were excluded from the analyses. RESULTS: The mean age was 53.1 AE 10.6 y (19 -72 y) and mean body mass index (BMI) was 30.7 AE 5.8 kg=m 2 (19.4 -45.8 kg=m 2 ). Sixty-eight subjects were obese (BMI > 30 kg=m 2 ). Univariate regression analysis revealed a significant, albeit modest, relationship between absolute fat intake and BMI (r 2 ¼ 0.06; P 0.05) but not between fat intake and fat mass (r 2 ¼ 0.026; P ¼ 0.08). However, multiple regression analysis revealed significant effects of body fat mass (FM) and sex on basal fat oxidation (bFO) explaining 33% of the variation of bFO (P 0.0001; p s.e. ¼ 18.0 g=24 h). In univariate regression analysis, habitual fat intake was significantly related to adjusted fat oxidation, explaining 12% of the variation (P 0.0001; p s.e. ¼ 11.7 g=24 h). CONCLUSION: Habitual fat intake has a significant, albeit modest, effect on basal fat oxidation, even when adjusted for sex and body FM. The rather modest effect of habitual fat intake on fat oxidation may in part explain the increased propensity to gain FM on a high-fat diet.
Introduction
In free-living individuals, long-term maintenance of body weight is determined by the balance between energy intake and expenditure. Epidemiological and intervention studies support a role of dietary fat in the etiology of obesity. 1 -3 This may be attributable to the fact that the propensity to increase fat oxidation when faced with a high-fat diet may be rather limited. 4, 5 Previous studies have examined the effect of changes in dietary fat intake on fat oxidation. 6, 7 These studies have shown that a mid-term (days) increase in dietary-fat induces an increase in fat oxidation. Other investigators have demonstrated that a failure to increase fat oxidation on a high-fat diet may be related to the accumulation of body fat. 8 In contrast, the relationship between habitual dietary fat intake and fat oxidation has not been widely studied. The aim of the present study was therefore to examine the relationship between habitual fat intake, as determined by weighed 7 day dietary records and fat oxidation, as determined by indirect calorimetry under fasting conditions in obese and non-obese Caucasians.
Subjects and methods

Subjects
A total of 149 subjects (43 males, 106 females) participated in the study. Patients with known diabetes mellitus, congestive heart failure, abnormal renal or liver function, and intentional weight reduction during the last 3 months were excluded. Obesity was defined as a BMI ! 30 kg=m 2 . 9 Patients with a mean 24 h ambulatory blood pressure level > 135=85 mmHg 10 and=or on any antihypertensive medication were defined as hypertensive. The study protocol was approved by the institutional Ethics Committee and all subjects gave informed consent before participating in the study.
Study protocol and methods
All subjects were characterized for weight, height, waist and hip circumference and body composition was determined by bioelectrical impedance analysis (AKERN-RJL BIA 101=S, Frankfurt a.M., Germany).
11 Plasma glucose and insulin response to an oral glucose load, plasma catecholamines and leptin were measured in the fasting subject as described previously. 12 Subjects were subsequently asked to record their daily nutrient habits using a 7 day weighed dietary record.
Measurement of energy expenditure
For the measurement of energy expenditure, subjects were admitted to a metabolic ward on the evening before the test and were given a light evening snack. After a 12 h overnight fast, resting metabolic rate was measured in the sitting awake subject in a temperature-controlled room over two 25 min periods with an open-circuit indirect calorimetry system (standardized for temperature, pressure and moisture) fitted with a face mask (Sensor Medics 2900 Z, NewMedics Medizinelektronik GmbH, Ö hringen, Germany). During the measurement of energy expenditure, complete urine samples were collected for the assessment of nitrogen excretion to determine the basal substrate oxidation. For each measurement, the first 5 min were discarded to allow subjects to adapt to the measurement procedure and data from the remaining 20 min were averaged and used to calculate energy expenditure and substrate oxidation based on oxygen consumption, carbon dioxide production and urinary nitrogen excretion. 13, 14 Assessment of habitual fat intake Habitual fat intake was assessed with the help of a weighed 7 day dietary record. Subjects received a scale to measure the consumed amounts and were asked to estimate the amounts of certain foods with the help of pictures. All participants were trained to adequately describe the foods, beverages and amounts consumed, including the name of the food, preparation methods, recipes for food mixtures and portion sizes. They were also asked to describe their physical activity during the 7 day period on the daily dietary record data sheet, including time, duration and nature of the activity. At the end of the recording period, a trained interviewer reviewed the records with the participants to clarify entries and to probe for forgotten foods. The records were evaluated with a nutrition software program (PRODI 4.4. Wissenschaftliche Verlagsgesellschaft mbH Stuttgart, Germany). The level of recorded physical activity (PAL rec ) was calculated as described below.
Determination of under-reporting
Under-reporting was determined using a minor modification of the method described by Goldberg et al. 15 In brief, cut-off values for the ratio between energy intake to basal metabolic rate (EI=BMR) are based on the fact that, during weight maintenance, EI should equal total energy expenditure (TEE). To define under-reporting, the lower cut-off value for EI=BMR is then calculated as 2 s.d. below the mean TEE=BMR. With this calculation the intra-individual variation of EI, the inter-individual variation of TEE=BMR, an estimate of physical activity level, the error associated with the estimation of BMR, and the number of days on which the assessment of the habitual diet is based are taken into account. 16 The mean TEE=BMR is assumed to be 1.55 for sedentary individuals. 17 Because in the present study the mean age was 53 AE 9.9 y and the subjects were rather overweight or obese (BMI ¼ 31.0 AE 5.7 kg=m 2 ), we calculated a physical activity level (PAL calc ) for each subject which would better represent our elderly and overweight study population. In the absence of weight loss or weight gain, the ratio EI=BMR must equal TEE=BMR or the PAL value, respectively. 18 For our population, the mean ratio of EI=RMR was thus 1.34. As the equation of Goldberg et al 15 is based on basal metabolic rate, which is 10% lower than resting metabolic rate (RMR), 19 we multiplied the equation by 0.9. In order to compare energy requirements with reported energy intake, an estimate of energy requirement was obtained for each subject by multiplying measured RMR with recorded PAL (PAL rec ). This factor was derived from the activity record according to Black et al, 20 which takes into account both occupational and non-occupational activity. The ratio between EI and energy requirements also serves as an estimate of the reporting error. The calculation of the cut-off and the error of reported energy is detailed in the Appendix.
Statistical analysis
Statistical analysis was performed using the SPSS-PC þ softsoftware package (SPSS Inc., Chicago, IL, USA). Data are reported as means AE s.d. Differences and correlations were considered significant at P < 0.05.
Differences between groups were tested for significance by two-tailed Student's t-test for independent samples. w 2 statistics were used to detect differences in the distribution between men and women, under-reporters and reporters, normotensive and hypertensive subjects and obese and non-obese. Univariate linear regression analysis was
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Stepwise multiple linear regression analyses were performed with basal fat oxidation as dependent variables to explore their dependence on sex, age, body weight, body composition, waist-to-hip ratio (WHR), glucose tolerance, catecholamines, leptin, hypertension and antihypertensive medication. After establishing that the data were normally distributed, associations between adjusted basal fat oxidation and habitual fat intake were explored by univariate linear regression analysis and Pearson correlation coefficients.
Results
Seventeen subjects were excluded from analysis due to a documented weight loss or gain > 1 kg during the 7 day dietary record period. The mean age of the remaining 132 subjects was 53.1 AE 10.6 y (19 -72 y) and mean BMI was 30.7 AE 5.8 kg=m 2 (19.4 -45.8 kg=m 2 ). Sixty-eight subjects were considered obese (BMI > 30 kg=m 2 ). Under-reporting was found to be significantly more prevalent in the obese compared to the non-obese subjects ( Figure 1 , reported energy 86.2 AE 22.8 vs 99.8 AE 19.6%; P 0.0001). Thus, under-reporters had a significantly higher BMI than reporters (Table 1) . While more women tended to under-report, this trend was not statistically significant (P ¼ 0.15).
For further analysis of the relationship between obesity, fat intake and basal fat oxidation, under-reporters were excluded. Characteristics of the remaining subjects are presented in Table 2 . As expected, obese subjects had more body fat mass (FM), body fat-free mass, a higher WHR, higher RMR, and higher absolute and relative fat oxidation ( Figure  2 ). There were no significant differences in sex, food intake and recorded physical activity level (PAL rec ) between nonobese and obese subjects. Obese subjects had a trend towards higher fat intake when compared to lean subjects (P ¼ 0.13) and univariate regression analysis revealed a significant, albeit modest, relationship between absolute fat intake and BMI (r 2 ¼ 0.06; P 0.05). Multiple stepwise regression analysis revealed significant effects of body FM, and sex (lower for female) on basal fat oxidation (bFO) (equation (1)). Together, these variables Habitual fat intake and basal fat oxidation I Kunz et al explained 33% of the variation of bFO (P 0.0001; p s.e. ¼ 18.0 g=24 h). When sex was excluded as an independent variable, body fat-free mass also influenced basal fat oxidation. Age, WHR, glucose tolerance, catecholamines, leptin, hypertension and antihypertensive medication had no influence on bFO. The coefficient of FM shows that an increase of 10 kg body FM augments average bFO by 13 g=day.
Univariate regression analysis revealed a significant relationship between habitual fat intake (g=24 h) and basal fat oxidation adjusted for FM and sex (Figure 3) , whereas fat intake explained 12% of the variation (P 0.0001; p s.e. ¼ 11.7 g=24 h; equation (2) 
Furthermore, there was a significant correlation between non-adjusted bFO and habitual fat intake (r 2 ¼ 0.08; P 0.05). Univariate regression analysis between dietary fat intake and FM was not statistically significant (FM (kg) ¼ 25.6 þ 0.009Âfat intake (g), r 2 ¼ 0.026. P ¼ 0.08).
Discussion
The main finding of our study is a significant relationship between daily fat intake and bFO both in obese and nonobese men and women. The relationship was such that an increase in fat intake of 10 g=day was associated with an increase in bFO by 2 g=day (Figure 3 ). Other important determinants of bFO were sex and FM, but not age or level of physical activity. Thus, bFO levels were higher in the obese vs the non-obese subjects (Figure 2 ). These findings are consistent with several long-term studies on the relationship between fat intake and fat oxidation. Thus, Cooling et al 21 reported that habitual high-fat consumers had a higher fat oxidation rate than low-fat consumers following a dietary fat challenge. Similarly, Schrauwen et al 6 demonstrated that lean subjects adjust fat oxidation within 7 days of increasing their fat intake. Thomas et al 7 reported an increase in fat oxidation in lean but not in obese subjects 7 days after switching to a high-fat diet. In contrast, several short-term intervention studies over 6 h 8 or 24 h 22, 23 periods did not detect an increase in fat oxidation in response to a dietary fat challenge. Thus, adjustment of fat oxidation to changes in dietary fat intake takes at least several days to become apparent. Total 24 h substrate oxidation is dependent on several variables, including physical activity, macronutrient composition of the diet and energy balance. 24 In contrast, the respiratory quotient measured under fasting conditions (fRQ), as determined in our study, is primarily dependent on body composition and may predict the maximum level of dietary fat intake that can be maintained without an increase in body fat. 25 In our study, body FM was the best predictor for basal fat oxidation and we estimate that an elevation in FM by 10 kg increases fat oxidation by 13 g (equation (1)). This is similar to previous reports by Astrup et al, 26 who estimated that a 10 kg increase in FM would increase fat oxidation by 11 g=day. In a cross-sectional study in obese women, Schutz et al 27 also reported a positive correlation between body FM and fasting fat oxidation and estimated that a 10 kg change in FM corresponds to a change in fat Figure 2 Relative basal substrate oxidation in non-obese and obese subjects (data are means AE s.d.). Figure 3 Relationship between habitual fat intake and basal fat oxidation (adjusted for body fat mass and sex).
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Together, these data supports Flatt's model, 4, 5 which states that, because body fat stores are large and fat intake has little influence on fat oxidation, 24 fat oxidation can primarily be raised by expanding adipose tissue mass. 26 This increase in FM results in a new plateau of weight maintenance at a point where fat oxidation again equals fat intake. 28 To calculate the relationship between fat intake and body fat mass equations (1) and (2) 
Thus, for example, a women who eats 60 g fat=day has a body FM of 27.5 kg whereas increasing her fat intake to 120 g=day would result in a new steady-state at a body FM of 36.5 kg. In this example, a change in fat intake of 60 g fat=day would result in an increase in FM of 9 kg. This model of course assumes that the fat-induced increase in total energy intake is not compensated for by reducing the intake of other nutrients or increased energy expenditure. Furthermore, it is not surprising that a significant relationship between fat intake and FM was only apparent after adjustment of fat oxidation for FM and sex, rather than in univariate analysis, as one may expect wide variability in FM for a given level of dietary fat intake.
We can only speculate on the mechanisms underlying the positive relationship between habitual fat intake and bFO observed in our study. According to Flatt's model, fat oxidation is increased on high-fat diets by maintaining glycogen concentrations in the lower range. 29 This is compatible with our observation that relative carbohydrate oxidation was lower in obese subjects (Figure 2 ). This would be in line with the hypothesis that the glycogen content of the body decreases until fat oxidation becomes sufficiently elevated to deal with the increase in fat intake. 6 However, it is also possible that fat oxidation was increased as a result of enhanced enzymatic capacity for fat oxidation, as a direct consequence of a high-fat diet. 6 Another explanation could be that obese subjects, as a result of their greater FM, have higher concentrations of plasma free fatty acids, 30 thus providing a ready substrate for increased fat oxidation compared to lean individuals with lower levels of free fatty acids.
Despite what one might expect, most studies on dietary intake show either no correlation 31, 32 or a negative correlation between energy intake and body fat. 33 This is most likely attributable to the fact that overweight subjects are more likely to under-report energy intake than lean subjects. 34 -37 It is estimated that obese subjects under-report their energy intake by about 34 -55% whereas lean subjects under-report by only 0 -20%. 38, 39 This is in line with our observation that there were 24% more under-reporters in the obese than in the lean subjects ( Figure 1 ). However, even after exclusion of under-reporters, there was no significant relationship between energy and fat intake and body weight (Table 2 ). This may seem paradoxical, as obese subjects, are known to have higher RMR 40 and would thus be expected to have higher energy requirements in order to maintain body weight. Clearly, one explanation for this discrepancy could be that obese individuals maintain a lower level of physical activity than non-obese subjects. This would be in line with several reports that have shown that obesity is associated with lower every day physical exertion 41, 42 and that obese subjects tend to overestimate their physical activity. 43 This would also explain why there were no obvious differences in physical activity levels reported in our study. Another potential explanation could be related to selective under-reporting of fat intake in obese individuals. Previous investigators 44 have indeed described lower reported intake of food rich in fat and sugar in obese individuals.
Several cross-sectional studies suggest that obesity is more prevalent among individuals with a high fat intake. 45, 46 In our study fat intake in the obese subjects was not higher than in the non-obese group. Nevertheless, univariate regression analysis revealed a significant, albeit modest, relationship between absolute fat intake and BMI (r 2 ¼ 0.06; P 0.05). Indeed, several reports have shown that overweight individuals tend to selectively under-report intake of high-fat and high-carbohydrate foods. 47, 48 Thus, although we did not observe a higher fat intake in obese subjects, the observed relationship between resting fat oxidation and habitual fat intake suggests that a higher fat intake may promote a greater gain in FM.
Several lines of evidence indicate that some individuals respond with larger weight (FM) gain than others when exposed to an increased dietary fat intake. 49 This is reflected by our observation (Figure 3 ) that there is a relatively large variance in bFO for a given level of fat intake. This variability appears to be in part determined by genetic factors. Thus, the 24 h RQ has been shown to aggregate in families, and interindividual differences in RQ may explain some of the variance of weight gain over time. 49, 50 Despite the relationship between habitual fat intake and bFO observed in our study, several limitations must be considered. The potential problems related to under-reporting have already been discussed. Futhermore, as discussed, we cannot rule out selective under-reporting of fat intake in obese individuals. Therefore, the rather modest relationship between fat intake and fat oxidation described in our study, could in fact be somewhat stronger. Other factors not assessed in our study including aerobic capacity, 51 hormonal status, 52, 53 or glycogen content 29 may also have a significant influence on fat oxidation. These issues need to be addressed in future studies.
In conclusion, after exclusion of under-reporters, bFO was significantly and positively correlated to habitual fat intake.
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This relationship was present despite adjustment for FM and sex. The capacity to increase fat oxidation on a high habitual fat diet may be an important determinant of the individual propensity to gain body fat over time.
